Abstract: This paper presents the solution for the suppliers' aims to achieve profit more than the rivals participating in the competition. The supplier (decision maker) optimization problem is formulated and their bid quantities are optimized using Self adaptive Differential Evolution (SaDE). A six unit system is used to illustrate the methodology for a single trading period with both elastic and inelastic loads. The performance of the test systems under perfect and oligopoly market situations are compared to show the importance of optimization of bidding parameters in deregulated markets. Numerical results illustrate the effectiveness of the method in solving the supplier profit maximization problem.
However the past data are available. The suppliers are also able to calculate the rival's bidding value by using joint or multivariate Probability Distribution Function (PDF). These situations and also the solution for optimal bidding of the suppliers are explained in this paper.
The optimal values of supplier bid quantities are obtained and the supplier profit is determined using Self-adaptive Differential Evolution (SaDE). The optimal values of supplier bid quantities are obtained to maximize its own profit was determined using SaDE.
Even though the most suitable strategy and the control parameters are identified and applied to a problem using Differential Evolution (DE) technique, it may require a huge amount of computation time. Different strategies and corresponding parameter settings with different global and local search capability might also be preferred during different evolution stages [8] .The Self-adaptive Differential Evolution (SaDE) algorithm can automatically adapt the learning strategies settings during evolution.
This paper is organized as follows: Section 2 presents the market clearing mechanism in competitive energy markets, section 3 problem statement of profit maximization of decision makers submitting bids to market operators, section 4 deals with the solution methodology to find the optimum schedules of the supplier, section 5 presents the results and discussions, and section 6 concludes.
Market Clearing Mechanism in A Competitive Environment
The market structure considered in this paper is single sided auction mechanism in which the suppliers are alone allowed to participate in the energy markets. They can submit their supply bids to energy bids to spot energy markets.
Energy or spot markets:
The suppliers participating in electricity markets is required to bid a linear non-decreasing energy function to ISO. Upon receiving bids from the suppliers, the pool determines a set of generation outputs that meets the load demand and minimizes the total cost spent by bidder. The i-th supplier energy bidding function can be represented as
where D t is the demand at hour t, The Market Clearing Price (MCP) for power is calculated t=1,2,…T
The power dispatch by each supplier can be calculated as,
Where N is the total number of suppliers participating in energy markets. The market is cleared and the price is quoted by ISO. The power dispatched by each supplier is checked for their maximum and minimum capacity limits. If the supplier is not able to provide minimum power requirement, then the corresponding supplier is not allowed to participate in the competition i.e., If P it < P imin then X it = 0 else X it = 1.Thus unit commitment decisions are well taken into account. If the supplier violates its maximum limit, the maximum power is fixed and it is no longer be able to a marginal generator.
Supplier Profit Maximization Problem
The profit maximization objective of suppliers participating in energy markets and competing with the other suppliers can be stated as,
The ON/OFF status of the suppliers decided by ISO and C i (P it ) is the fuel cost function of the suppliers. The constraints included are a) Power balance and b) Minimum and maximum capacity limit of the suppliers.
a) Power balance constraints
The power balance constraint is an equality constraint that reduces the power system to a basic principle of equilibrium, between total generation of GENCO participating in the electricity markets and demand profile of the customers.
Generation units have lower and upper production limits that are directly related to the generator design. These bounds can be defined as a pair of inequality constraints
Solution Methodology
The solution methodology used in the present study for solving the optimal bidding problem is explained as mentioned below.
1) Initialization
The SaDE counter is initialized and maximum number of iteration is specified.
2) Creation of parent population
The initial population of the bidding coefficient of the supplier to be optimized is generated within the search limits.
3) Calculation of bidding coefficients of rivals'
The rivals' bidding coefficients are determined using multivariate PDF.
4) Calculation of MCP
The MCP is calculated with the bidding data of suppliers and rivals' using equation (4) . Based on the market price, P it from equation (5) is calculated and limit values are checked. 5) Determination of unit ON/OFF status If P it < P imin then X it = 0 else X it = 1. Thus the unit ON/OFF X it status can be calculated by taking an account of the constraints to be satisfied in all trading periods.
6) Economic dispatch
With the calculated X it , the optimal dispatch of power P it is calculated using Quadratic Programming (QP). The revenue generated and fuel costs spent are determined.
7) Calculation of fitness and SaDE operations
The fitness is calculated as per equation (6) and the mutation, crossover and selection operations are performed. Mutation process is done by selecting the best strategy among the five strategies as per the highest learning probability in all iterations. Thus SaDE is incorporated to improve the solution quality and the psudo code of SaDE is given in Appendix as Table 1  8 
) Stopping criteria
The steps from 1 to 6 are repeated until the specified maximum number of iterations is reached.
Results and Discussion
To illustrate the perfect competition and optimal bidding strategy, a test system with six suppliers are taken. The market situations are analyzed for test system participating in single hour trading. The results of test system under perfect competition and optimal bidding strategy are tabulated. The generator data for Test system-1 is taken from [9] and given in Appendix as Table A The test system with six generators is used to illustrate the solution methodology of profit maximization under perfect competition and oligopoly markets (optimal bidding strategies). Consider a situation in which the supplier-1 aims to maximize its own profit when compared to other suppliers-2, 3, 4 and 5 (rivals') in the market. This example system is utilized for single hour load demand of 390 MW. The fuel cost equation is expressed in quadratic form [10] as,
In a perfect competitive market without optimal bidding, the bidding parameters β i and α i of suppliers are assumed to be equal to that of the cost coefficients a i and b i respectively [11] . With the bidding data, MCP is calculated using eq. (4). At the market equilibrium, power dispatch and UC (pool scheduling) is done by ISO as mentioned in step 4 and 5 of Section 4. With the unit status, the constraints are checked and the economic dispatch of all the suppliers with an objective of maximizing the profit of supplier-1 is determined using QP. The results for this test system under perfect competition market situation are shown in Table 1 .
Case B: Oligopoly-Optimal bidding strategy
In an oligopoly market, some suppliers act as price makers and the others as price takers [12] . In this condition, each supplier will try to maximize its own profit. For a supplier, it is critical to devise a good bidding strategy according to its opponents' bidding behavior, the model of demand, market mechanism, and power system operating conditions. To achieve maximum profit, the supplier-1 decides to optimize its bidding parameters using an optimization algorithm. It is assumed that the supplier-1 bids the true value of the slope, β 1 and it bids in a linear, non-decreasing supply bid curve that varies the intercept α 1 [13] . Therefore the bidding parameter of supplier-1 β 1 is fixed as a 1 which is optimized within the intervals b 1 and m.b 1 (m is set to be 2 in all simulations) using SaDE algorithm. The bidding parameters of rivals' (β i and α i where i = 2, 3, 4, 5 and 6) are generated according to joint or multivariate normal distribution as explained in Appendix as Table A-2. With the optimized bid of supplier-1 and multivariate distributed rivals' bids, MCP, power dispatch and corresponding unit status are calculated. With the unit status, the constraints specified are checked and economic power dispatch is found for a load demand of 390 MW using QP. The revenue, cost and profit calculations are done and the results of this case are given in Table 1 . Figure 1 shows the comparison of supplier profit under both the cases A and B. It is observed that the profit of supplier-1 under perfect competition and oligopoly may come to $116.401 and $193.87 respectively. Thus there is a rise in profit of $77.469 if the supplier incorporates an optimal bidding strategy before submitting bids to ISO. This is due to the additional revenue generated by the suppliers by an increase in MCP from $3.427 to $3.912. Table 2 shows the comparative results of the methods used to determine the profit of supplier-1 under perfect competition and oligopoly markets with an execution time of 0.2 and 15.46 seconds respectively. In case of oligopoly markets, the rise in execution time is due to repeated simulation up to 200 iterations to optimize the bids until the objective of maximum profit is achieved. The bid coefficients are optimized using SaDE and the supplier-1 can get a profit of $193.87. Since the mutation process has been improved by introducing learning strategies, the profit obtained is $193.87 more than traditional DE, which was $192. The idea behind our proposed learning strategy adaptation is to probabilistically select one out of several available learning strategies and apply to the current population.
Conclusion and Future Expansion
SaDE algorithm with learning strategies to build optimal bidding strategy for power suppliers participation for single and multi-hour trading in single auction pool-co markets is proposed. This algorithm can automatically adapt its learning strategies and the associated parameters during the evolving procedure. The power dispatch level and UC of suppliers participating in energy markets are determined. The optimized values of bids of the suppliers are found in such a way that the suppliers do yield profit and get benefited. The rivals' bidding behavior has been determined from multivariate probability distribution function. Simulation results prove the capability of SaDE to solve this supplier optimization problem effectively. The method developed in this research provide a systematic way of investigating the profit maximization and bidding strategies of the suppliers participating in energy markets. This method can be extended for the market participants that are able to provide the required ancillary services by setting up reserve markets.
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APPENDIX
The pseudo code of self adaptive differential algorithm, joint or multi variate probability distribution function, generator data of six unit test system are given in Tables 1, 2 and 3.   Table 1 . Pseudo code of Self adaptive differential algorithm Initialize the population K=(x 1 ,x 2 ,...x N ) Repeat The initial probabilities are set to be equal to 0.2 , ie., p j =0.2 where j=1, 2,..5 which is the five different mutation strategies to each individual in the current population. for i:= 1 to N do Generate new trial vector y in each mutation strategy.
Update the probability as Table 2 . Joint or multivariate probability density function The basics of joint PDF are given below Let x and y be distributed bivariate normal. x and y are said to be distributed bivariate normal if they are linear functions of other two independent normal random variables [14] . The joint probability distribution function is given by f ( 
